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(54) SOLID−STATE SELF−EMISSION DISPLAY AND ITS PRODUCTION METHOD 



(57) The present invention provides a solid state 
light-emissive display apparatus of high brightness and 
efficiency, high reliability, and of thin type, and method 
of manufacturing the same at low cost. 

Said apparatus has the luminous thin film made up 
by laminating or mixing crystal fine particle coated with 
insulator (5) of nm size and fluorescent fine particles (7) 
of nm size, and the lower electrode and the transparent 
upper electrode sandwiching said luminous thin film, 
wherein the electrons injected from said lower electrode 
are accelerated in the crystal fine particle coated with 
insulator layer (6) not being scattered by phonons to be- 
come high energy ballistic electrons, and form excitons 
(13) by colliding excitation of fluorescent fine particles. 
Since said fluorescent fine particles are of nm size, the 
exciton concentration is high, and luminescence inten- 
sity by extinction of excitons is also high. 
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Description 

Technical Field 

[0001] The present invention relates to solid state s 
light-emissive display apparatus utilizing a quantum 
size effect and method of manufacturing the same. 

Background Art 

[0002] The display apparatuses using liquid crystals 
are lately in wide spread use, but these are not the best 
in such properties as energy-saving or brightness, since 
a liquid crystal display apparatus uses backlight in prin- 
ciple. For this reason, the research and development 
are widely proceeding for a solid state light-emissive dis- 
play apparatus, aiming to realize high brightness, ener- 
gy-saving, flat type, and high reliability rather more than 
liquid crystal. 

[0003] As an existing solid state light-emissive display 
apparatus, there is EL(Electro Luminescence) display 
apparatus. EL display apparatus is composed of pixels 
each of which has a semiconductor layer including light 
emission center atoms and insulator layers sandwiching 
said semiconductor layer. As a light emission center at- 
om, such elements that emit visible fluorescence, for ex- 
ample, Mn or rare earth elements are used, and as a 
semiconductor layer, such semiconductors that have 
larger band gap energy than visible light, for example, 
ZnS or else are used, and as insulator layers, such in- 
sulators that have a property which prevents dielectric 
breakdown of said semiconductor layers, for example, 
thin films of Si0 2 or Si 3 N 4 are used. 
[0004] EL display apparatus emits light as following, 
electrons in a semiconductor are accelerated by high 
electric field imposed through insulation layers, the ac- 
celerated electrons collide to light emission center at- 
oms to be excited, and the excited light emission center 
atoms em it fluorescence light. Therefore it is the specific 
feature of EL display apparatus that electric energy di- 
rectly converts to light energy. 
[0005] However, there are problems such that light 
emission efficiency is low and dielectric breakdown 
tends to occur, because considerably high electric field 
(1 0 6 V/cm or higher) is necessary to accelerate the elec- 
trons to such a high energy state ( hot electron state) to 
emit EL light against the energy dispersion by phonon 
scattering. There are also such EL display apparatuses 
using organic materials as the semiconductor layer, but 
they also have problems such that emission efficiency 
easily becomes lower as organic materials are unstable 
and readily deteriorate. 

[0006] There are also FED (Field Emission Device) 
display apparatuses as the display apparatuses to gen- 
erate fluorescence by colliding and exciting light emis- 
sion center atoms by accelerated electron (ballistic elec- 
tron). However, an FED display apparatus has its prob- 
lems such that, though it can emit light at relatively low 



electric field, it requires vacuum space and hence it can 
not be made to a flat and all-solid state type, since it 
emits out electrons into vacuum by using a field-emis- 
sion type electron gun and accelerates them in vacuum. 

Disclosure of the Invention 

[0007] Taking into consideration the afore-mentioned 
problems, the object of the present invention is to pro- 
vide a solid state light-emissive display apparatus which 
has much superior properties to existing display appa- 
ratuses in brightness, efficiency, reliability, and a thin 
type. And also the other object of the present invention 
is to provide a method of manufacturing the said appa- 
ratus, which manufactures it at low cost. 
[0008] In order to achieve the object mentioned 
above, there is provided a solid state light-emissive dis- 
play apparatus according to the present invention, char- 
acterized in that it has light emitting pixels comprising 
of a luminous thin film composed of crystal fine particles 
of nm(nanometer) size coated with insulator and fluo- 
rescent fine particles of nm size in a form of laminating 
of two said each particle layers or in a form of mixed 
layer of said two particles, and a lower electrode and a 
transparent upper electrode sandwiching said luminous 
thin film, whereby to obtain luminous display by impress- 
ing alternating voltage or direct current voltage between 
said upper and lower electrodes. 
[0009] In the solid state light-emissive display appa- 
ratus according to the present invention , said crystal fine 
particle of nm size coated with insulator is characterized 
in that it consists of a semiconductor or a metal single 
crystal fine particle of nm size and insulator film of nm 
thickness coated the surface of said single crystal fine 
particle. 

[0010] In the solid state light-emissive display appa- 
ratus according to the present invention , said crystal fine 
particle of nm is preferably a intrinsic or impurity doped 
Si single crystal fine particle of nm size, and said insu- 
lator film is a Si0 2 film of nm thickness coating the sur- 
face of said Si single crystal fine particle. 
[001 1 ] Also preferably, said fluorescent fine particle of 
nm size is a semiconductor fine particle having a band 
gap energy corresponding to an energy ranging from ul- 
traviolet light to visible light. Said fluorescent fine parti- 
cle of nm size may have a donor or/and an acceptor. 
Also said fluorescent fine particle of nm size may be a 
semiconductor fine particle involving luminous atoms or 
luminous atom ions. 

[0012] According to the above mentioned makeup, 
the voltage impressed between the lower and the upper 
electrodes are distributed to the insulator films coating 
the crystal fine particles of nm in the luminous thin film, 
the electrons injected from the lower electrode are ac- 
celerated by the electric field distributed to the insulator 
film, passes through said insulator film by tunneling or 
resonant tunneling, and passes through the single crys- 
tal fine particle of nm size without being scattered by 
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phonons (Refer to JP 2001-332168, for example). The 
electrons repeat the above mentioned process for each 
adjacent crystal fine particles of nm size coated with in- 
sulator as a result to obtain high kinetic energy, and col- 
lide the fluorescent fine particles of nm size. If the kinetic 
energy of the colliding electron is higher than the band 
gap energy of the fluorescent fine particle, a free elec- 
tron and a hole are generated in the fluorescent fine par- 
ticle, and a free exciton is generated from these free 
electron and hole. 

[001 3] Since the fluorescent fine particle is of nm size, 
said electron and hole are enclosed in space of nm size, 
the concentration of said free exciton is raised, and 
hence the luminous intensity by extinction of said free 
excitons is increased. 

[0014] Also, in case that the fluorescent fine particle 
has a donor or/and an acceptor, the generated electron 
and hole form a bound exciton via a donor or/and an 
acceptor. Since the fluorescent fine particle is of nm 
size, the electron and the hole are enclosed in space of 
nm size, hence the concentration of bound exciton is 
raised, and the luminous intensity by extinction of said 
bound excitons is increased. 

[001 5] Also, in the case of fluorescent fine particle in- 
cluding luminous atoms or luminous atom ions, since 
the electrons having high kinetic energy are generated 
in large quantity by crystal fine particles coated with in- 
sulator, luminous atoms or luminous atom ions in fluo- 
rescent fine particles are excited in large quantity, and 
luminous intensity is increased. 
[001 6] Thus, according to the present invention, since 
electrons can be accelerated without energy loss and 
exciton concentration can be high, the luminous efficien- 
cy and brightness are high. Also, since the luminous thin 
film is thin and can emit light by itself, the apparatus of 
this invention can be made extremely thin. Also, since 
the applied voltage is low, reliability is high. 
[0017] And, the solid state light-emissive display ap- 
paratus according to the present invention is character- 
ized in that the upper and the lower electrodes are con- 
figurated in a form of matrix configuration, and the inter- 
sected region of the upper and the lower electrode are 
used as a light emitting pixel by simple matrix driven with 
these electrodes. 

[0018] According to the makeup mentioned above, an 
image display apparatus of high efficiency, high bright- 
ness, thin type, and high reliability can be provided. 
[0019] Further, the solid state light-emissive display 
apparatus of the present invention is characterized in 
that wirings for scanning and wirings for signals are pro- 
vided in a form of matrix electrode configuration, a thin 
film transistor is provided at each intersections of said 
scanning and signal wirings, the gate electrode of said 
thin film transistor is connected to scanning wiring, the 
drain electrode of said thin film transistor is connected 
to signal wiring, the source electrode of said thin film 
transistor is connected to an electrode of a light emitting 
pixel ,a luminous thin film is sandwiched by said elec- 



trode and upper electrode of said light emitting pixel, 
wherein each light emitting pixels can be actively driven 
by said each thin film transistors selected by said scan- 
ning and signal wirings. 
s [0020] According to the makeup mentioned above, 
since the optical distinction ratio between adjacent pix- 
els can be made high, an image display apparatus of 
high efficiency, high brightness, thin type, and high reli- 
ability, and extremely high resolution can be provided. 
[0021] Next, in order to achieve the other object men- 
tioned above, there is provided in accordance with the 
present invention a method of manufacturing the solid 
state light-emissive apparatus characterized in that it 
comprises the steps of: forming Si single crystal fine par- 
ticles of nm size being floating in an atmosphere by py- 
rolyzing SiH 4 gas, and conveying said floating Si single 
crystal fine particles into 0 2 gas atmosphere, whereby 
the surface of said Si single crystal fine particles to be 
coated with Si0 2 film of nm thickness. 
[0022] According to the makeup described above, 
since the Si single crystal fine particles are formed in a 
state of floating and Si0 2 film is formed on the surface 
of said floating Si single crystal fine particles in a state 
of floating, Si single crystal fine particles do not contact 
mutually not to be combined with each other, and hence 
mutually isolated Si single crystal fine particles coated 
with Si0 2 film can be provided. 
[0023] By using above mentioned particles, a solid 
state light-emissive apparatus can be manufactured by 
dissolving the crystal fine particles of nm size coated 
with insulator and the fluorescent fine particles of nm 
size into respective solvents, soaking a substrate and 
then taking it out in turn with respective solvents, where- 
by to laminate the layers of the crystal fine particle of 
nm size coated with insulator and the layers of fluores- 
cent fine particle of nm size. 

[0024] According to the makeup above mentioned, a 
mono-layer which consists of the crystal fine particles 
coated with insulator being densely aggregated on the 
substrate, is obtained by one time processing of soaking 
a substrate into the solvent dissolving the crystal fine 
particles of nm size coated with insulator and taking out 
there-from, and the desired thickness of the layer is ob- 
tained by repeating the above processing. Then, a mo- 
no-layer which consists of the fluorescent fine particles 
of nm size being densely aligned on the layer of the crys- 
tal fine particles of nm size coated with insulator on the 
substrate, is obtained by one time processing of soaking 
the substrate into the solvent dissolving fluorescent fine 
particles of nm size and taking out there-from, and the 
desired thickness of the layer is obtained by repeating 
the above processing. As the result, the luminous thin 
film can be provided, in which the crystal fine particle 
layer of the desired film thickness and the fluorescent 
fine particle layer of the desired film thickness are lam- 
inated. 

[0025] According to the above mentioned method, 
since those fine particles can be densely packed with 



15 



20 



25 



30 



35 



40 



45 



50 



5 



EP 1 450 585 A1 



6 



play apparatus of the present invention, wherein (a) 
is a drawing showing the makeup of double layer 
lamination of a layer composed of crystal fine par- 
ticles coated with insulator and a layer composed 

5 of fluorescent fine particles, (b) is a drawing show- 
ing the makeup of alternate lamination of each one 
layer composed of crystal fine particles coated with 
insulator and composed of fluorescent fine parti- 
cles, and (c) is a drawing showing the makeup of 

10 lamination of a mixed layer composed of crystal fine 
particles coated with insulator and fluorescent fine 
particles; 

Fig. 2 is a diagrammatic drawing for explanation of 
operating principle of a solid state light-emissive 

15 display apparatus of the present invention, wherein 
(a) shows an enlarged view of crystal fine particles 
coated with insulator, and (b) shows an enlarged 
view of fluorescent fine particles; 
Fig. 3 shows the makeup of a solid state light-emis- 

20 sive display apparatus of the present invention by 
simple matrix driving, wherein (a) is a cross-section- 
al view, and (b) is a plane view; 
Fig. 4 shows the makeup of a solid state light-emis- 
sive display apparatus of the present invention by 

25 active driving, wherein (a) is a cross-sectional view, 
and (b) is a plane view; 

Fig. 5 is a drawing for explanation of the method of 
manufacture of Si0 2 -coated Si single crystal fine 
particles in accordance with the present invention; 
30 and 

Fig. 6 is a drawing for explanation of the method of 
lamination of crystal fine particles coated with insu- 
lator and fluorescent fine particles in accordance 
with the present invention. 

35 

Best Modes for Carrying out the Invention 



only a few gaps between those fine particles in the lu- 
minous thin film, it can emit light at high efficiency. And, 
since no expensive apparatus is needed for the manu- 
facturing, it costs at low. 

[0026] And the luminous thin film of the solid state 
light-emissive apparatus according to the present inven- 
tion can be also manufactured by dissolving the crystal 
fine particles of nm size coated with insulator and the 
fluorescent fine particles of nm size into common sol- 
vent, by soaking a substrate into the solvent and then 
taking it out from the solvent, whereby to make a mixed 
layer of the crystal fine particles of nm size coated with 
insulator and the fluorescent fine particles of nm size. 
[0027] According to the above mentioned makeup, a 
mono layer which consists of the crystal fine particles 
coated with insulator and the fluorescent fine particles 
of nm size being densely and mutually aligned on the 
substrate, is obtained by one time processing of soaking 
a substrate into the solvent and taking it out there-from, 
and the desired thickness of the layer is obtained by re- 
peating the above processing. 
[0028] According to the above mentioned method, 
since those fine particles can be densely packed with 
only a few gaps between those fine particles in the lu- 
minous thin film, it can emit light at high efficiency. And, 
since no expensive apparatus is needed for the manu- 
facturing, it costs at low. 

The afore mentioned crystal fine particles of nm size 
coated with insulator preferably consists of a single crys- 
tal fine particle of a semiconductor or a metal of nm size 
coated with insulator film of nm thickness. 
[0029] Also, the single crystal fine particle of nm size 
is preferably a intrinsic or impurity-doped Si single crys- 
tal fine particle of nm size, and the insulator film is pref- 
erably a Si0 2 film of nm thickness. 
[0030] Said fluorescent fine particle of nm size may 
be a semiconductor fine particle having a band gap en- 
ergy corresponding to an energy ranging from ultraviolet 
light to visible light. Also, a fluorescent fine particle of 
nm size may have a donor or/and an acceptor. Still fur- 
ther, a fluorescent fine particle of nm size may be a sem- 
iconductor fine particle involving luminous atoms or lu- 
minous atom ions. 

Brief Description of the Drawings 

[0031] The present invention will better be understood 
from the following detailed description and the drawings 
attached hereto showing certain illustrative forms of em- 
bodiment of the present invention; in this connection, it 
should be noted that such forms of embodiment illus- 
trated in the accompanying drawings hereof are intend- 
ed in no way to limit the present invention but to facilitate 
an explanation and an understanding thereof, in which 
drawings: 

Fig. 1 is a diagrammatic cross-sectional view show- 
ing the makeup of a solid state light-emissive dis- 



[0032] Hereinafter, a detailed explanation is given in 
respect to embodiment of the present invention, refer- 
40 ences being made to figures. In the drawing figures, it 
should be noted that the same reference characters are 
used to designate substantially the same or correspond- 
ing components. 

[0033] Fig. 1 is a diagrammatic cross-sectional view 
45 showing the makeup of a luminous part of a solid state 
light-emissive display apparatus of the present inven- 
tion. Fig. 1(a) is a drawing showing the makeup of dou- 
ble layer lamination of a layer composed of crystal fine 
particles coated with insulator layer and a layer com- 
50 posed of fluorescent fine particles layer, Fig. 1(b) is a 
drawing showing the makeup of alternate lamination of 
each one layer composed of crystal fine particles coated 
with insulator layer and of fluorescent fine particles, and 
Fig. 1 (c) is a drawing showing the makeup of lamination 
55 of a mixed layer composed of crystal fine particles coat- 
ed with insulator layer and fluorescent fine particles. 
[0034] In Fig. 1 , a luminous part 1 consists of a lower 
electrode 2, a luminous thin film 3 laminated on the lower 
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electrode 2, and a transparent upper electrode 4 formed 
on the luminous thin film 3. Said luminous thin film 3 is, 
in case of Fig. 1(a), consisted of laminating a layer 6 
composed of crystal fine particles coated with insulator 
and a layer 8 composed of fluorescent fine particles 7. 
Also in case of Fig. 1 (b), said luminous thin film 3 is con- 
sisted of alternately laminating of a layer 6 composed of 
crystal fine particles coated with insulator and a layer 8 
composed of fluorescent fine particles 7. Further in case 
of Fig. 1 (c), said luminous thin film 3 is consisted of lam- 
inating a mixed layer of crystal fine particles coated with 
insulators 5 and fluorescent fine particles 7. Said lower 
electrode 2 is, for example, n-type high conductive Si 
substrate 2, and said upper electrode 4 is ITO film which 
is conductive and transparent to visible light. 
[0035] Fig. 2 is a diagrammatic drawing for explana- 
tion of operating principle of a solid state light-emissive 
display apparatus of the present invention, wherein, Fig. 
2(a) shows an enlarged view of layers of crystal fine par- 
ticles coated with insulator, and Fig. 2(b) shows an en- 
larged view of layers of fluorescent fine particles. 
[0036] In Fig. 2(a), said layers 6 are constituted as 
that crystal fine particles coated with insulator 5 are mu- 
tually and densely aligned, and this figure shows for an 
example where crystal fine particle coated with insula- 
tors 5 is Si single crystal fine particle of nm size 5a coat- 
ed with Si0 2 film of nm thickness 5b. Typically in size, 
the diameter of Si single crystal fine particle 5a is 7nm, 
and the thickness of the Si0 2 film is 3nm. 
[0037] In Fig. 2(b), said layers 8 are constituted as 
that fluorescent fine particles 7 are mutually and densely 
aligned, and said fluorescent fine particle 7 is the sem- 
iconductor, for example ZnS, having the band gap en- 
ergy corresponding to the energy ranging from ultravio- 
let light to visible light. 

[0038] An explanation is next made in respect to lu- 
minescence mechanism of said luminous part. 
[0039] Voltage is applied between the lower electrode 
2 and the upper electrode 4 so as to be positively high 
at the upper electrode 4. The voltage are distributed to 
respective insulators 5b of crystal fine particles coated 
with insulators 5 constituting the layer 6, that is, Si0 2 
film 5b of Si0 2 coated Si single crystal fine particles 5. 
The electrons 9 withdrawn from the lower electrode 2 is 
accelerated by the electric field distributed to Si0 2 films 
5b, and pass through Si0 2 films 5b by tunneling or res- 
onant tunneling transporting phenomenon, since the 
thickness of Si0 2 film 5b is thin. Since the diameter of 
a Si single crystal fine particle 5a is small, the electrons 
in Si single crystal fine particles 5a passes without being 
scattered by phonons because of quantum size effect, 
that is, without loss of kinetic energy. As shown in Fig. 
2(a), electrons 9 repeat acceleration in Si0 2 film 5b and 
lossless passing through Si single crystal fine particle 
5a at every Si0 2 coated Si single crystal fine particles 
5, whereby to obtain a kinetic energy sufficient to excite 
fluorescent fine particles 7 and to emit from layers 6 
composed of Si0 2 coated Si single crystal fine particles. 



[0040] As shown in Fig. 2(b), the electrons 9 which 
have obtained the kinetic energy sufficient to excite flu- 
orescent fine particles 7, collide with fluorescent fine 
particles of nm size 7, and by the collision excitation cre- 

5 ate free electrons 11 and holes 12 in the conduction 
band and the valence band of fluorescent fine particles 
7. Said electrons 1 1 and said holes 1 2 form free excitons 
1 3 by coulomb potential based on the respective electric 
charges. Since these electrons 11 and holes 12 are en- 

w closed inside the fluorescent fine particle of nm size 7, 
that is, in the space of nm size, their coulomb interaction 
is strong, and the formation probability of free exciton 
1 3 increases, whereby the free exciton concentration in- 
creases. Since the free exciton concentration is high, 

'5 luminescence intensity generated by extinction of free 
excitons 1 3 increases. Since the free exciton energy de- 
pends on the band gap energy of the semiconductor 
crystal, luminescence wavelength can be chosen by 
choosing the kind of semiconductor. For example, blue 

20 color luminescence can be obtained by using ZnS sem- 
iconductor, and red color luminescence can be obtained 
by using GaAs semiconductor. 
[0041] Thus, in accordance with the present inven- 
tion, the generation efficiency of high energy electrons 

25 to excite fluorescent fine particles is quite high, and the 
exciton concentration is also quite high, therefore, high 
efficiency and high brightness luminescence can be ob- 
tained. 

[0042] Also, since electrons 9 are not scattered by 

30 phonons in the process of acceleration, dielectric break- 
down of crystal fine particle coated with insulators 5 
does not tend to occur. Consequently, since it is possible 
to make the th ickness of fluorescent thin film 3 extremely 
thin to raise the electric field intensity, a solid state light- 

35 emissive display apparatus which is extremely thin type 
and has high reliability can be obtained. 
[0043] Also in case that a fluorescent fine particle 7 is 
doped with a donor or an acceptor, an exciton formed 
via a donor or an acceptor, namely a bound exciton 13 

40 is formed. In case that a donor and an acceptor are 
doped, a bound exciton 1 3 is formed via a donor and an 
acceptor. In this case, too, since electrons 11 and holes 
12 are enclosed inside fluorescent fine particles 7, that 
is, in the space of nm size, their coulomb interaction is 

45 very strong, and the formation probability of bound ex- 
citons 1 3 increases, whereby the bound exciton concen- 
tration increases. Since the bound exciton concentra- 
tion is high in this way, luminescence intensity generat- 
ed by extinction of bound excitons 13 increases. Also in 

50 this case, the luminescence wavelength corresponding 
to the depth of energy levels of a donor and an acceptor 
can be obtained. For example, ZnS doped with Al as a 
donor and Cu as an acceptor provides green light lumi- 
nescence. Also, by using a semiconductor including lu- 

55 minous atoms or luminous atom ions for fluorescent fine 
particles 7, the accelerated electrons 9 excite the lumi- 
nous atoms or luminous atom ions by collision excita- 
tion, whereby to generate fluorescence of specific wave- 
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length when the luminous atoms or the luminous atom 
ions transit from the excited state to the ground state. 
For example, if M n is included as luminous atoms in ZnS 
semiconductor, yellowish orange luminescence can be 
obtained. 

[0044] According to the present invention, since elec- 
trons 9 can be accelerated at quite high efficiency, fluo- 
rescent fine particle layers 8 having luminous center at- 
oms can be made to emit light of high brightness. 
[0045] As described above, according to the present 
invention, electrons can be accelerated at quite high ef- 
ficiency. Theoretically mentioned, since electrons can 
be accelerated without energy loss, it is possible to ob- 
tain luminescence with an applied voltage correspond- 
ing to the band gap energy of fluorescent fine particles. 
For example, if ZnS semiconductor is used as semicon- 
ductor of fluorescent fine particles, luminescence is ob- 
tained with the applied voltage of about 4V, because the 
band gap energy of ZnS is about 3.7 eV. Consequently, 
luminescence of high brightness is possible also by the 
makeup of Fig. 1(b) and (c). 

[0046] An explanation is next given in respect to a sol- 
id state light-emissive display apparatus of the present 
invention by simple matrix driving. 
[0047] Fig. 3 shows the makeup of a solid state light- 
emissive display apparatus of the present invention by 
simple matrix driving, wherein Fig. 3(a) is a cross-sec- 
tional view, and Fig. 3(b) is a plane view. A solid state 
light-emissive display apparatus 30 comprises a sub- 
strate 31 , the plurality of the lower electrodes 2 in a form 
of mutually parallel stripes formed on said substrate 31 , 
luminous thin film 3 laminated on said substrate 31 with 
the lower electrode 2 formed on the same, and the plu- 
rality of the upper electrodes 4 in a form of mutually par- 
allel stripes formed on said luminous thin film 3 so to 
form a perpendicular matrix with said lower electrode 2. 
Said upper electrode 4 is made of transparent ITO film. 
[0048] By making the cross-sectional regions of the 
lower electrode 2 and the upper electrode 4 as pixels, 
choosing an arbitrary one set from the plurality of the 
lower electrodes 2 and the plurality of the upper elec- 
trodes 4, and by applying a voltage between the lower 
electrodes 2 and the upper electrodes 4, the pixels at 
arbitrary positions are made luminous. 
[0049] In accordance with the above mentioned, im- 
ages and mobile images can be displayed. Since the 
luminous thin film explained in Fig. 1 and Fig. 2 is used, 
a solid state light-emissive display apparatus 30 of high 
efficiency and high brightness luminescence, thin type, 
and high reliability is provided. 
[0050] An explanation is next given in respect to a sol- 
id state light-emissive display apparatus of the present 
invention by active driving. 

[0051 ] Fig. 4 shows the makeup of a solid state light- 
emissive display apparatus of the present invention by 
active driving, wherein Fig. 4(a) is a cross-sectional 
view, and Fig. 4(b) is a plane view. A solid state light- 
emissive display apparatus 40 of the present invention 



10 

comprises the plurality of the scanning wirings 41 in a 
form of mutually parallel stripes formed on a substrate 
31 , the first insulation layer 42 laminated on the sub- 
strate 31 having said scanning wirings 41 formed on the 

5 substrate, the plurality of the signal wirings 43 in a form 
of mutually parallel stripes formed on said first insulation 
layer 42 so to form a perpendicular matrix with said 
scanning wiring 41 , the second insulation layer 44 lam- 
inated on said first insulation layer 42 having said signal 

10 wirings 43 formed on the first insulation layer 42, the 
pixel electrodes 45 formed on said second insulation 
layer 44 and in the proximity of matrix cross sectional 
region, the luminous thin film 3 laminated on said sec- 
ond insulation layer 44 having pixel electrodes 45 

15 formed on the second insulation layer 44, and the trans- 
parent upper electrode 4 covering the whole display sur- 
face formed on said luminous thin film 3. 
[0052] Near matrix cross sectional region and on said 
scanning wiring 41 is set a gate electrode 46 of a thin 

20 film transistor protruding into the first insulation layer 42, 
a channel semiconductor layer 47 of a thin film transistor 
is set opposing to said gate electrode 46 on the first in- 
sulation Iayer42, one end of said channel 47 is connect- 
ed to the signal wiring 43 via a drain electrode 48, and 

25 the other end of said channel 47 is connected to the pixel 
electrode 45 via a source electrode 49. 
[0053] In accordance with the above mentioned, im- 
ages and mobile images can be displayed. As a lumi- 
nous thin film explained in Figs. 1 and 2 is used in the 

30 present invention, a solid state light-emissive display 
apparatus of highly efficient and bright luminescence, 
thin type, and of high reliability can be provided. Also 
according to the present makeup, since the voltage ratio 
between a pixel electrode switched on by a thin film tran- 

35 sistor and a pixel electrode switched off by a thin film 
transistor is large, the extinction ratio between pixels be- 
comes high, and so high resolution display is made pos- 
sible. High speed display is also possible because it can 
be driven with smaller power than by simple matrix sys- 

40 tern. 

[0054] Explanation is next given in respect to the 
method of manufacture of a solid state light-emissive 
display apparatus of the present invention. 
[0055] The method of manufacture is first explained 

45 in respect to the making of the single crystal fine parti- 
cles coated with insulator consisting of Si single crystal 
fine particles coated with Si0 2 film. 
[0056] Fig. 5 is a drawing for explanation of the meth- 
od of manufacturing of Si0 2 -coated Si single crystal fine 

so particles in accordance with the present invention. In 
this figure, the manufacturing apparatus 50 has open 
tube which consists of a part 51 for producing Si single 
crystal fine particles and a part 52 for coating single crys- 
tal fine particles with Si0 2 film, wherein SiH 4 (silane) gas 

55 54 is made to flow into the tube from the inlet 53, SiH 4 
gas 54 is pyrolized to form said Si single crystal fine par- 
ticles 5a of nm size at the part 51 which is held at the 
pyrolysis temperature of SiH 4 54, and Si single crystal 
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fine particles produced are floating in the atmosphere. 
Si single crystal fine particles 5a thus produced are 
transferred into said part 52 by the gas flow, that is, by 
flowing gas, or by gravity, and Si0 2 film 5b of nm thick- 
ness is formed on the surface of Si single crystal fine 
particles 5a in the state of floating in the atmosphere by 
oxygen 55 introduced into a part 52. The Si0 2 -coated 
Si single crystal fine particles 5 thus formed are trans- 
ferred to the outlet 56 by flowing gas or by gravity and 
collected. 

[0057] By the method mentioned above, it is possible 
to produce Si0 2 -coated Si single crystal fine particles 
mutually separated without forming porous aggregate 
formed by mutual contact of said single crystal fine par- 
ticles. 

[0058] Explanation is next made in respect to the for- 
mation of luminous thin film by laminating of single crys- 
tal fine particles coated with insulator and fluorescent 
fine particles on a substrate. 

[0059] Fig. 6 is a drawing for explanation of the meth- 
od of laminating of single crystal fine particles coated 
with insulator and fluorescent fine particles in accord- 
ance with the present invention. 
[0060] The figure shows soaking the substrate 62 into 
the solvent 61 such as water and pulling up said sub- 
strate, wherein said substrate62 has the lower elec- 
trodes 2 or the pixel electrodes 45 formed on it and in 
said solvent 61 single crystal fine particles coated with 
insulator 5 or fluorescent fine particles 7 are dissolved. 
The fine particles 63 which are single crystal fine parti- 
cles coated with insulator 5 or fluorescent fine particles 

7 in the solvent 61 are adhered to the substrate surface 
62 so as to minimize the surface free energies such as 
the surface tension energy of the solvent 61 , and the 
adsorption energy of fine particles 63 to the substrate 
62, as the result, a mono layer 64 consisting of the fine 
particles 63 aligned mutually and densely on the sub- 
strate 62 is formed. 

[0061] By the repeating of soaking and pulling up of 
the substrate 62, the fine particle layers 64 can be mu- 
tually and densely laminated to desired thickness cor- 
responding to the repeating number. 
[0062] In order to form the luminous thin film 3 of the 
makeup shown in Fig. 1(a), single crystal fine particles 
coated with insulator 5 and fluorescent fine particles 7 
are dissolved individually in different solvents, and the 
above mentioned repeating process is repeated with 
one solvent to laminate to the desired thickness, fol- 
lowed by the repeating process with the other solvent to 
laminate to the desired thickness. 
[0063] In order to form the luminous thin film 3 of the 
makeup shown in Fig. 1(b), single crystal fine particles 
coated with insulator 5 and fluorescent fine particles 7 
are dissolved individually in different solvents, and the 
above mentioned repeating process is alternately re- 
peated with each solvent to laminate the layer 6 of single 
crystal fine particles coated with insulator and the layer 

8 of fluorescent fine particles alternately one by one. 
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[0064] In order to form the luminous thin film 3 of the 
makeup shown in Fig. 1(c), single crystal fine particles 
coated with insulator 5 and fluorescent fine particles 7 
are dissolved in a common solvent, the above men- 
5 tioned repeating process is repeated with the common 
solvent to laminate the mixed layer of crystal fine parti- 
cles coated with insulator5 and fluorescent fine particles 
7 to the desired thickness. 

[0065] Since fine particles are aligned densely with 
few gaps in the luminous thin film thus formed, the elec- 
tric field distribution is uniform, tunneling probability in- 
creases, and electrons can be accelerated at high effi- 
ciency. Also, brightness is high because fluorescent fine 
particles are densely aligned. 

Industrial Applicability 

[0066] As will have been appreciated from the forego- 
ing description, the present invention provides a solid 
state light-emissive display apparatus of dramatically 
higher brightness and efficiency, higher reliability, and 
of thinner type than existing display apparatuses. Also 
in accordance with the present invention, this solid state 
light-emissive display apparatus can be manufactured 
at low cost. Thus, if the apparatus of the present inven- 
tion is used as the display apparatus of mobile phones 
or others, it is quite useful because of much lower power 
consumption, higher brightness, thinner type, and high- 
er reliability than existing liquid crystal displays. 



Claims 

1 . A solid state light-emissive display apparatus, char- 
35 acterized in that it comprises: 

a luminous part comprising a luminous thin film 
composed of laminated or mixed of crystal fine 
particles coated with insulator of nm (nanome- 
40 ter) size and fluorescent fine particles of nm 

size; and 

a lower electrode and a transparent upper elec- 
trode sandwiching said luminous thin film, 

45 whereby to obtain luminous display by im- 

pressing alternating voltage or direct current volt- 
age between said upper and tower electrodes. 

2. A solid state light-emissive display apparatus as set 
so forth in Claim 1 , characterized in that: 

said crystal fine particles coated with insulator 
of nm size consist of single crystal fine particle 
of nm size of either a semiconductor or a metal, 
55 and an insulator film of nm thickness coating 

the surface of said single crystal fine particle. 

3. A solid state light-emissive display apparatus as set 
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forth in Claim 2, characterized in that: 

said single crystal fine particles of nm size are 
either intrinsic Si single crystal fine particles of 
nm size or those doped with impurities, 5 
and said insulator film is Si0 2 film of nm thick- 
ness coating the surface of said Si single crys- 
tal fine particles. 

4. A solid state light-emissive display apparatus as set 10 
forth in Claim ^characterized in that: 
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emissive apparatus, characterized in that it com- 
prises steps: 

producing Si single crystal fine particles of nm 
size by pyrolyzing SiH 4 in a floating state of said 
Si single crystal fine particles in atmosphere; 
transferring said Si single crystal fine particles 
in the state of floating into 0 2 gas atmosphere; 
and 

coating the surface of said Si single crystal fine 
particles with Si0 2 film of nm thickness. 



said fluorescent fine particles of nm size are the 
semiconductor fine particles having a band gap 
energy corresponding to an energy ranging 
from ultraviolet light to visible light. 

5. A solid state light-emissive display apparatus as set 
forth in Claim 4, characterized in that: 

said fluorescent fine particles of nm size have 
either a donor or/and an acceptor. 

6. A solid state light-emissive display apparatus as set 
forth in Claims 4 or 5, characterized in that: 

said fluorescent fine particles of nm size are the 
semiconductor fine particles involved with ei- 
ther a luminous atoms or a luminous atom ions. 

7. A solid state light-emissive display apparatus as set 
forth in Claim 1 , characterized in that: 

said upper and lower electrodes are formed in 
a form of matrix configuration, and intersection 
regions of said upper and lower electrodes are 
used as pixels which are driven by simple ma- 
trix driven operation. 

8. A solid state light-emissive display apparatus as set 
forth in Claim ^characterized In that: 

scanning wirings and signal wirings are formed 
in a form of matrix, a thin film transistor is set 
at an intersection region of said scanning wiring 
and said signal wiring, a gate electrode of said 
thin film transistor is connected to said scan- 
ning wiring, a drain electrode of said thin film 
transistor is connected to said signal wiring, a 
source electrode of said thin film transistor is 
connected to a pixel electrode, said luminous 
thin film is sandwiched by said pixel electrode 
and said upper electrode, 
whereby each said pixels are actively driven by 
said thin film transistors by choosing said scan- 
ning wiring and signal wiring. 

9. A method of manufacturing of a solid state light- 



10. A method of manufacturing of a solid state light- 
emissive apparatus, characterized in that it com- 
15 prises steps: 

dissolving crystal fine particles coated with in- 
sulator of nm size and fluorescent fine particles 
of nm size into respective solvents; and 
20 soaking a substrate into each solvents and pull- 

ing it up, whereby laminating of a single crystal 
fine particle layer and a fluorescent fine particle 
layer. 

25 11. A method of manufacturing of a solid state light- 
emissive apparatus, characterized in that it com- 
prises steps: 

dissolving crystal fine particle coated with insu- 
30 lator of nm size and fluorescent fine particles of 

nm size into common solvent; and 
soaking a substrate into said solvent and pull- 
ing it up, whereby laminating a mixed layer 
composed of single crystal fine particles coated 
35 with insulator and fluorescent fine particles. 

12. A method of manufacturing of a solid state light- 
emissive apparatus as set forth in Claim 10 or 11, 
characterized in that: 

40 

said crystal fine particle coated with insulator of 
nm size consists of a single crystal fine particle 
of nm size of either a semiconductor or a metal, 
and a insulator film of nm thickness coating the 
45 surface of said single crystal fine particle. 

13. A method of manufacturing of a solid state light- 
emissive apparatus as set forth in Claim 12, char- 
acterized in that: 

50 

said single crystal fine particle of nm size is ei- 
ther intrinsic Si single crystal fine particle of nm 
size or that doped with impurity, and said insu- 
lator film is Si0 2 film of nm thickness coating 
55 the surface of said Si single crystal fine particle. 

14. A method of manufacturing of a solid state light- 
emissive apparatus as set forth in Claim 10 or 11, 
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characterized in that: 



said fluorescent fine particle of nm size is a 
semiconductor fine particle having a band gap 
energy corresponding to an energy ranging s 
from ultraviolet light to visible light . 

15. A method of manufacturing of a solid state light- 
emissive apparatus as set forth in Claim 10 or 11 , 
characterized in that: 10 

said fluorescent fine particle of nm size has a 
donor or/and an acceptor. 

16. A method of manufacturing of a solid state light- is 
emissive apparatus as set forth in Claim 14 or 15, 
characterized in that: 

said fluorescent fine particle of nm size is a 
semiconductor fine particle involving a lumi- 20 
nous atoms or a luminous atom ions. 
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